Currently, nanoencapsulation of bioactive compounds is promising, and is one of the methods that has been proven very effective. The development of food-grade nanoemulsions is in a state of constant innovation due to the interesting features that this method of encapsulation has, such as small droplet size, kinetic stability and appearance. With this technology, it is possible to control some food properties, such as texture, taste and stability. In this article, we present a review of the most commonly used methods in the creation of nanoemulsions, the recent developments of these dispersions, the relevant applications of nanoemulsions in food matrices, the most commonly used food-grade materials and the functionality of nanoemulsions, which are designed primarily to encapsulate compounds with biological activity. Nanoemulsions have been shown to be effective in preventing degradation and improving the bioavailability of bioactive compounds, such as oil-soluble vitamins, antimicrobials, flavours and antioxidants. At the end of this article, facts of interest about acceptance issues and nanotechnology regulatory policies in the food industry are presented.
Introduction
The word "nano" is used in all areas of science and technologythat deal with the characterization, manufacture and operation of structures, devices or materials with sizes on the nanometre scale (Duncan, 2011; Pradhan et al., 2015) . All foods developed and consumed since ancient times co contain natural nanomaterials because plant and animal products contain multiple nanostructures; and based on their size, foods can be classified within these categories (Magnuson, Jonaitis, & Card, 2011) . foods and beverages (McClements, 2010) . One of the main advantages of using nanoemulsions is that the food manufacturer can improve some properties, such as appearance, texture and/or taste, through careful selection of the ingredients and the processes used to make them (McClements, 2015) . Another advantage of nanoemulsion use is that emulsions can have better stability against the coalescence of droplets (Mc-Clements & Rao, 2011) . Additionally, droplets are transparent when dispersed, so they are suitable for addition to food without modifying the appearance characteristics (Mason, Wilking, Meleson, Chang, & Graves, 2006) ; the appearance of a colloidal dispersion tends to become translucent or transparent when the particle radius falls below approximately 100 nm. These dispersions can increase the bioavailability of certain nanoemulsified compounds (Acosta, 2009) . Recent research on nanoemulsions has focused on their manufacture, characterization and use as release systems (McClements, 2012) . Therefore, the present work aims to review the application trends of nanoemulsions in food, the materials used, and the risks and regulations to consider in the use of nanotechnology.
Nanoemulsions
According to McClements (2012) , a nanoemulsion is a thermodynamically unstable colloidal dispersion consisting of two immiscible phases (nanoemulsions have better stability in particle aggregation and gravitation separation due to their small droplet sizes compared to that of macroemulsions). One of the phases contains dispersed particles and small droplets in the other (normally r<100 nm); this resultant dispersion has a translucent appearance. These nanoemulsions may be emulsions of oil-in-water (O/W) or water-in-oil (W/O). The proportions of water and oil in a nanoemulsion must be carefully designedas a large variety of components are often incorporated in the aqueous phase (such as proteins and polysaccharides, among others) . Polysaccharides (pectin, gums, and others) are used to stabilize these systems because of their high viscosity (Choi, Kim, Cho, Hwang, & Kim, 2011) . In the creation of nanoemulsions, several oils (such as essential oils), acylglycerols and free fatty acids are used (Shah, Bhalodia, & Shelat, 2010) . Lipophilic active ingredients, such as vitamin E, carotenoids, and curcumin, are also used. The addition of these active components totally changes the physicochemical properties and activity of the nanoemulsions Shakeel et al., 2010) . Commercially, nanoemulsions have been designed to encapsulate components with a lipophilic nature because these components may not be well dispersed in aqueous media. However, it is possible to manufacture W/O-type nanoemulsions with rheological behaviour such as colour, appearance, texture and stability (Jafari, Assadpoor, He, & Bhandari, 2008 ) that produce desirable characteristics in food applications. Emulsions are systems that are not in equilibrium, and they tend to separate into their constituent phases (Gutierrez et al., 2008) . For a nanoemulsion, the free energy of the emulsion is greater than the free energy of the separate phases (oil and water), which means that a nanoemulsion is thermodynamically unstable. A nanoemulsion can be made kinetically stable (metastable) by ensuring that there is a sufficiently large energy barrier between the two states. The height of the energy barrier is mainly determined by physicochemical interactions that prevent the droplets from coming into close proximity with each other, such as repulsive hydrodynamic and colloidal (e.g., steric and electrostatic) interactions operating between droplets (McClements, 2012) . Thermodynamic instability occurs through certain mechanisms, such as sedimentation, coalescence, flocculation and Ostwald ripening (Gharibzahedi, Mousavi, Hamedi, & Ghasemlou, 2012) . According to Solans, Izquierdo, Nolla, Azemar, and Garcia-Celma (2005) , nanoemulsions can possess high kinetic stability and persist for many years. The stability depends on the preparation method, which affects properties, such as the droplet size. The characteristics of a nanoemulsion will be good if the preparation method uses a high shear or high energy accumulation in the system (Gutierrez et al., 2008) . These dispersions exhibit better stability against separation than macroemulsions because of their relatively small droplet size and the effects of Brownian mo-IJFS October 2019 Volume 8 pages 105-124 tion, which dominates gravitational forces (Mc-Clements, 2015) . In addition, food-grade nanoemulsions are designed to increase the bioactivity of some compounds that are poorly absorbed (Qian & McClements, 2011) . One of the most frequent instabilities in nanoemulsions is Ostwald ripening, or molecular diffusion (Gupta, Eral, Hatton, & Doyle, 2016; Tadros, Izquierdo, Esquena, & Solans, 2004) . This phenomenon occurs when a large droplet increases its size, incorporating a smaller droplet by molecular diffusion (Ahmed, Li, McClements, & Xiao, 2012) . According to Tadros et al. (2004) , the high energy required for the formation of nanoemulsions can be understood from the pressure difference between the inside and the outside of a large drop that will divide into smaller drops; the drop must be strongly deformed, which can be shown when a spherical drop deforms into an ellipsoid. The force necessary to deform the drop is greater when the drop is smaller since the energy is generally transmitted by the surrounding liquid through agitation; therefore, more energy is needed to produce smaller drops. The dispersed phase can be controlled through osmotic pressure. In dilute volume fractions, the droplets are spherical, while in high fractions, the surfaces of the droplets are strongly repelled by the surfaces of the neighbouring droplets. This can cause the droplets to deform and become non-spherical. An appropriate surfactant can inhibit the droplets from recombining through interfacial coalescence, making the nanoemulsions stable (Graves, Meleson, Wilking, Lin, & Mason, 2005) . This is due to the difference in the ratio of the curvature of the drops. In addition, this process can be observed in terms of a reduction in the free energy of the system via the destruction of the interfacial zone (Taylor, 1998) . With a properly selected emulsifier, Ostwald ripening can be effectively controlled (Kabalnov & Shchukin, 1992) .
Methods used to form nanoemulsions
Understanding the formation of nanoemulsions is essential to create a small droplet size; these dispersions are representatively developed in a two-step procedure in which a macroemulsion is developed and then transformed into nanodroplets (Gupta et al., 2016) . Nanoemulsions are created using a series of specific methods, and they can be grouped based on the energy input, i.e., low energy and high energy. Optimal droplets are achieved by these methods, and methods are based on the materials designed for droplet preparation .
Low-energy methods
In these methods, a nanoemulsion is obtained when there is a phase inversion in the system due to variations in the conditions or concentrations of the emulsion and a state of low interfacial tension is reached (Gupta et al., 2016) . Spontaneous emulsification, phase inversion composition and phase inversion temperature methods are some of the commonly used low-energy methods .
Method of spontaneous emulsification
In this method, a nanoemulsion is obtained when organic and aqueous phases are mixed (Anton & Vandamme, 2009; Miller, 1988) . The elaborate procedure can be performed in different ways: the composition between the phases can be modified; the ambient conditions can be altered (temperature or pH); or the process conditions can also be altered (e.g., addition order). For example, a hydrophobic oil, a hydrophilic emulsifier, and an organic solvent could be incorporated into water (Anton & Vandamme, 2009 ). In addition, water can be incorporated into an organic phase containing an emulsifier and oil (Sonneville-Aubrun et al., 2009) . Fine droplets are obtained by altering the composition of the phases and the process characteristics. There are currently no reports in which polysaccharides or proteins have been employed as emulsifiers in this process, which may be due to physicochemical limitations . Surh, Decker, and McClements (2017) produced nanoemulsions by means of spontaneous emulsification when they encapsulated lutein and obtained nanoemulsions that were stable against the aggregation of drops when the nanoemulsions were stored at room temperature for up to 1 month;
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Phase Inversion Composition (PIC)
The PIC method optimizes the curvature of emulsifiers by changing the configuration at a certain temperature. The phase change is driven by the Gibbs free energy of the system and results in a spontaneous inversion of the emulsifiers. The PIC method is used to obtain an O/W emulsion by aqueous phase dilution in W/O emulsions Roger & Cabane, 2012; Sonneville-Aubrun et al., 2009) . Another process used to prepare nanoemulsions by this method is to alter the electrical charge (modifying the pH) of the emulsion . Pagan, Berdejo, Espina, Garcia-Gonzalo, and Pagan (2018) prepared nanoemulsions incorporating citral, using the PIC method to evaluate their antimicrobial activity; nanoemulsions were prepared from an oil phase mixture by slowly adding an aqueous phase during gentle magnetic stirring and then increasing the amounts of water added to the system with continuous agitation. The amount of water added to a W/O emulsion was progressively increased until a phase inversion occurred, and an oil-in-water emulsion was formed.
The results of the study showed that the citral nanoemulsion was more effective than the freeform citral. At the same time, researchers applied a heat treatment and observed that there was an antimicrobial synergistic effect.
Phase Inversion Temperature (PIT)
The PIT method is based on modifications in the relative solubility of non-ionic emulsifiers with respect to certain temperature changes (Gutierrez et al., 2008) . Nanoemulsions are formed using the PIT method via modifications in the structure of non-ionic emulsifiers when the temperature in the system is varied. At low temperatures, the head group of a non-ionic emulsifier is highly moistened and is more soluble in the aqueous phase. Conversely, as the temperature increases, the head group is dehydrated, and the solubility of the emulsifier in this phase decreases (Anton, Gayet, Benoit, & Saulnier, 2007; . Chuesiang, Siripa-trawan, Sanguandeekul, McLandsborough, and McClements (2018) formulated nanoemulsions of cinnamon oil by heating a mixture of cinnamon oil, a non-ionic surfactant and water above the PIT of the system and then quickly quenched this mixture with continuous agitation, which led to the spontaneous generation of small drops of oil. They formed nanoemulsions with a 101 nm drop diameter and reported that their nanoemulsions were stable for at least 31 days when stored at 4 o C or 25 o C.
High-energy methods
High-energy methods are made using various types of mechanical equipment, such as ultrasonic homogenizers, high-pressure homogenizers, or microfluidizers, that generate enough levels of intensive energy to rupture oil and water, producing small droplets. The energy inputs regulate the properties of the dispersions and prevent droplet rupture and coalescence .
High-pressure homogenization
High-pressure homogenization subjects an emulsion to high pressures and then passes it through a controlled valve. High pressure forms droplets due to breaking, and the droplets have a small size. The homogenization parameters, such as the pressure or temperature, modify the final characteristics of the nanoemulsions Lee & Norton, 2013) . Galvão, Vicente, and Sobral (2018) designed nanoemulsions with pepper extracts using a high-speed homogenizer followed by a high-pressure homogenizer. Nanoemulsions were evaluated based on their environmental (centrifugal and thermal) and storage stabilities, and it was found that the nanoemulsions were stable during centrifugation and under most thermal stresses when stored at 4 o C and room temperature for more than 120 days.
Microfluidizer homogenization
Microfluidization is very similar to the highpressure homogenization method, and the terms are used interchangeably. The equipment has a narrow orifice through which the emulsions are pumped. The droplets undergo high shear to IJFS October 2019 Volume 8 pages 105-124 form nanoemulsions. Similar to high-pressure homogenization, microfluidization requires multiple recirculation so that the droplets will reach a desired final size (Gothsch et al., 2011; Gupta et al., 2016) . Raviadaran, Chandran, Shin, and Manickam (2018) optimized a palm oil-based nanoemulsion to encapsulate curcumin using a microfluidizer and considered the microfluidizer pressure, the number of cycles and the concentration of surfactant (Tween 80) to obtain droplet sizes from 200 nm to 300 nm.
Ultrasonication
Ultrasound technology relies on mechanical waves at a frequency above the threshold of the human ear (> 16 kHz). With this method, it is possible to obtain fine emulsions, which transform into smaller, more stable emulsions than those produced by other conventional techniques (Silva, Rosa, & Meireles, 2015) . It is one of the most effective methods for the preparation of nanoemulsions for research purposes in the food industry (Moghimi, Aliahmadi, McClements, & Rafati, 2016; Sugumar, Ghosh, Mukherjee, & Chandrasekaran, 2016) . The dispersions produced by ultrasound are more stable, and the small droplets show an excellent particle size distribution (Silva et al., 2015) . Because ultrasonication uses high-intensity waves to generate intense disturbing forces within mixtures of oil and water, it promotes a decrease in the droplet size (Ghosh, Mukherjee, & Chandrasekaran, 2014; Moghimi et al., 2016; Tan et al., 2016) . The use of ultrasound in the formation of nanoemulsions has shown promising results because there are no extra requirements for emulsion manufacturing (Nejadmansouri, Hosseini, Niakosari, Yousefi, & Golmakani, 2016) . Shao et al. (2018) prepared a new eugenol nanoemulsion using ultrasonication as an emulsification technique, and the droplets obtained had a regular spherical shape with a size of 80-100 nm. In addition, the nanoemulsions showed high storage and thermal stabilities and presented excellent antioxidant capacity and antimicrobial activity, among others.
Materials used in the development of nanoemulsions
Nanoemulsion applications in food are becoming popular in the food industry to encapsulate components with potential biological activity, such as some fatty acids, liposoluble flavours, vitamins and others . Emulsifiers help in the production of emulsions by adsorbing at the water-oil interface during homogenization to decrease the interfacial tension (Yang, Leser, Sher, & McClements, 2013) . The emulsifier must have certain characteristics:
(1) it must rapidly reduce the interfacial tension at the newly formed water-oil interface;
(2) it must be strongly bound to the interface once adsorbed; and (3) it must protect the droplets against destabilization. In many food process situations, the adsorption kinetics and interface stabilization processes are complicated because the emulsifiers have polydispersed sizes and are very different in their chemical compositions (Dickinson, 2009 ). The stability of electrostatically and sterically stabilized dispersions can be controlled by the charge of the electrical double layer and the thickness of the droplet surface layer formed by a non-ionic emulsifier (Capek, 2004) . Emulsifiers and surfactants can be classified in various ways. One of the most common classifications is based on their application, i.e., emulsifiers, foaming agents, wetting agents and dispersants, among others. They can also be classified according to some physical characteristics, such as their affinity for water/oil or stability in hostile environments, and this is the classification most commonly used. According to the production source, surfactants can be classified as synthetic or natural. Moreover, it is possible to group them into four classes of primary surfactants: anionic, nonionic, cationic and amphoteric (Myers, 2005) . The substitution of synthetic emulsifiers with natural emulsifiers is a growing tendency since many synthetic emulsifiers are not permitted for use in many countries or can only be used at low levels due to legislative, monetary, or sensorial problems . Because of this situation, naturally occurring emulsifiers are a better choice for the development of nanoemulsions. Natural emulsifiers include proteins, polysaccharides and gums. Proteins act as IJFS October 2019 Volume 8 pages 105-124 emulsifiers because of their amphiphilic characteristics, which confer the ability to adsorb at the oil-water interface and decrease interfacial tension. Polysaccharides, on the other hand, provide stability to emulsions mainly by increasing the viscosity of the continuous phase (Silva et al., 2015) . Silva, Cerqueira, and Vicente (2012) listed the emulsifiers that have been used in the development of nanoemulsions. Non-ionic emulsifiers, such as polyethylene glycol castor oil, polyoxyethylene-660-12-hydroxystearate, polyoxyethylene 4-lauryl ether, sucrose fatty acid ester (L1695), Span 20, Span 80, Tween 20, Tween 80, and Tween 40, have been used. Some anionic emulsifiers, such as Alkanol-XC and sodium dodecyl sulfate, have been used. The amphiphilic emulsifiers that have been used include some proteins, such as gelatin, whey protein isolate (WPI), whey protein concentrate (WPC), and whey hydrolysed protein (WPH). Modified starch and pectin have been used as anionic emulsifiers.
Use of nanoemulsions in foods
Currently, nanoemulsions have been designed to contribute to food safety via antimicrobial activity and the improvement of the availability of bioactive compounds due to the controlled release of the emulsion (Ranjan, Dasgupta, Ramalingam, & Kumar, 2017) There are bioactive compounds that are difficult to incorporate into foods. These are non-polar compounds with high melting points and low solubilities in water. The use of nanoemulsions is an excellent method used to incorporate these bioactive compounds into foods (Angel Robles-Garcia et al., 2016; Lu, Kelly, & Miao, 2016; Oehlke et al., 2014) . Bioactive compounds, such as polyphenols, come mainly from plants and fruits (Hernandez-Fuentes et al., 2015; Valdes et al., 2015) . Polyphenols have antioxidant, antimicrobial and anti-inflammatory properties (Perumalla & Hettiarachchy, 2011). Emulsion-based polyphenol encapsulation systems have been developed for obtaining food with novel properties (Pimentel-Gonzalez et al., 2015) . Consumers seek to find natural conservators in foods to re-place synthetic conservators (Seow, Yeo, Chung, & Yuk, 2014) . Essential oils are natural conservators with characteristics such as high reactivity and hydrophobicity that make them difficult to add to industrialized foods. Nanoemulsions are a way to add essential oils and keep the organoleptic properties of the foods in which they are incorporated. The nanoemulsion development with applications in the food area and on the edible coating of food is shown in Table 1 . These dispersions are generally O/W and have mainly been designed to increase the stability of the encapsulated compounds, as well as to evaluate the behaviour of the nanoemulsions after exposure to gastric simulations. The work developed by Sari et al. (2015) incorporated curcumin in the oil drops of medium chain triglycerides using whey protein concentrate-70 and Tween-80 as emulsifiers to observe the in vitro release kinetics and found that the nanoemulsion was relatively resistant to digestion with pepsin, but with pancreatin, the compounds were released. The authors concluded that nanoencapsulation of highly unstable lipophilic compounds is an effective means to increase certain properties, such as bioavailability. Silva et al. (2018) , who also incorporated curcumin in a multilayer nanoemulsion using layers of alginate and chitosan, performed another study that observed bioavailability. These authors simulated in vitro digestion conditions and found that this type of nanoemulsion improved control over the speed and degree of digestibility when compared to the level of control observed with uncoated nanoemulsions. These results showed in vitro digestion is an alternative method that can be used with functional foods to achieve an increase in satiety by delaying the digestion of lipids. Some other researchers developed nanoemulsions to observe their stability for incorporation into a food matrix, as is the case in the work performed by Golfomitsou, Mitsou, Xenakis, and Papadimitriou (2018) , where a nanoemulsion was used as a vehicle for the enrichment of milk emulsions with vitamin D3 in. The stability was examined for several weeks, and it was found that the encapsulation of vitamin D3 was directly related to the size of the nanoemulsion, indicating that the encapsulation of this type of biocomposite was viable.
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Use of nanoemulsions in food 111 Golfomitsou, Mitsou, Xenakis, and Papadimitriou (2018) Table 2 shows the antimicrobial effect of nanoemulsions with bioactive compounds, which mainly contain essential oils or their derivatives. For example, the work performed by Buranasuksombat, Kwon, Turner, and Bhandari (2011) , in which the authors developed a nanoemulsion containing lemon myrtle oil and compared it to a nanoemulsion of soybean oil that supposedly did not exhibit antimicrobial activity, confirmed antimicrobial action against Salmonella typhimurium, Escherichia coli 0157: H7, Pseudomonas aeruginosa, Bacillus cereus and Listeria monocytogenes by all emulsions. It was found that all of the emulsions with essential oils had the same level of antimicrobial effects against the five (5) bacteria, while all soybean oil emulsions had no antimicrobial effect. This antimicrobial activity was attributed to the encapsulated compounds. Another example of the antimicrobial use of nanoemulsions is in the work developed by Moghimi et al. (2016) , where they encapsulated Salvia officinalis extract in a nanoemulsion using non-ionic surfactants (Tween 80, Span 80) and sonication. The antimicrobial activity of the nanoemulsions against foodborne bacteria (E. coli, Shigella dysentery and S. Typhimurium) was compared with that of the pure essential oil, and it was found that the antimicrobial effect of the nanoemulsion was four times greater than that of the oil. In addition, the results showed extensive damage of the bacterial cell membrane after treatment with the nanoemulsion. Zhang, Zhang, Fang, and Liu (2017) prepared nanoemulsions to encapsulate clove and cinnamon essential oils using Tween 80 and ethanol as a surfactant and cosurfactant, respectively. These nanoemulsions showed high antimicrobial activities against four tested microorganisms (E. coli, Bacillus subtilis, S. typhimurium and Staphylococcus aureus) when the nanoemulsions were at low concentrations, which shows that these compounds potentiate their effect when they are mixed and encapsulated in a stable system. The antimicrobial activity of emulsions based on geraniol and carvacrol against Bacillus cereus and Escherichia coli was evaluated, evaluated by Syed and Sarkar (2018) using ultrasonication, and it was demonstrated that this nanoemulsion prolonged the antibacterial efficacy of the combined emulsion of essential oils against both pathogens. The essen-tial oils contained in a nanoemulsion can pass through the cell membrane, affecting its functionality and providing a high antimicrobial effect . At present, several studies have been carried out in which nanoemulsions serve to grant specific characteristics to complex food matrices. The high antimicrobial activity of nanoemulsions is the primordial effect that is sought when incorporating a nanoemulsion into food or coating food with a nanoemulsion, but the stability presenting when food is added should also be analysed. Table 3 shows several recent additions of nanoemulsions in foods. Several nanoemulsions have been tested in a few vegetal matrices to evaluate the effect after their application, e.g., in zucchini. Donsi, Cuomo, Marchese, and Ferrari (2014) observed the effect of the incorporation of a nanoemulsion based on carvacrol on the infusion rate. The results showed that emulsions of nanometric drop size smaller than the characteristic size exhibited a significantly improved effective diffusivity, which promoted a more effective antimicrobial action from carvacrol. Zambrano-Zaragoza et al. (2014) developed a nanoemulsion containing α-tocopherol and applied it to freshly cut apples to evaluate their enzymatic behaviour and texture changes with respect to time. Results showed that the activity of the pectin methylesterase in the coated apples was lower in the submicron-size samples, helping to maintain the firmness of the apples coated with the nanoemulsion; the authors mention that the particle size of the emulsion drops is a determining parameter in controlling the texture and browning index in foods. In grapes, Oh et al. (2017) investigated the effects of the droplet size of a nanoemulsion containing lemongrass oil. This was carried out to determine the effectiveness of the emulsion coating in improving microbiological safety. Their results showed higher initial inhibition of Salmonella typhimurium; greater inhibition of the growth of total mesophilic aerobes, yeasts and molds; higher colour retention; and higher antioxidant activity, among others. The effect of nanoemulsions has also been determined in food of animal origins, such as chicken pâté (Moraes-Lovison et al., 2017) in which several quantities of oregano were incorporated into a nanoemulsion using the phase inversion tem-IJFS October 2019 Volume 8 pages 105-124 perature method to obtain stable nanoemulsions. The authors found that the incorporation of nanoemulsions in chicken meat did not modify the physicochemical characteristics of the meat product. Therefore, the results obtained indicated that nanoemulsions are suitable for their incorporation into food formulations to prevent and control microbial growth and extend food's useful life. In trout fillets, the use of nanoemulsions has been reported to extend their useful life. Shadman, Hosseini, Langroudi, and Shabani (2017) incorporated different concentrations of Zataria multiflora Boiss into nanoemulsions based on sunflower oil, incorporated the emulsion into fillets and evaluated the physicochemical and sensorial properties during storage. The results revealed that the nanoemulsion achieved a reduction in lipid oxidation, a characteristic attributed to the high contents of carvacrol and thymol. The nanoemulsion also contributed to increasing the acceptability of taste, odour and texture. Noori, Zeynali, and Almasi (2018) developed a sodium caseinate-based coating that contained a nanoemulsion that encapsulated ginger essential oil and applied the coating to chicken breast fillets to observe their behaviour. The coatings caused a decrease in the count of total aerobic psychrophiles and maintained the colour, achieving a better acceptance of the coated fillets and becoming an alternative to improve the shelf life of raw chicken meat. Nanoemulsions have been applied in bakery products to observe their behaviour with respect to time. Otoni, de Moura, et al. (2014) produced nanoemulsions with the essential oils clove and oregano and incorporated them into methylcellulose films, improving the mechanical properties of the films. Slices of bread were coated with these films, and it was found that both oils managed to reduce mold and yeast counts. The authors mention that because of the particle size, bioavailability is improved, and thus, less preservative content can be used to obtain the same antimicrobial efficacy. It is evident that nanoemulsions help maintain some properties with respect to the shelf life of the product to which they were applied. Donsi and Ferrari (2016) classified four major macro-areas for the applications of nanoemulsions containing essential oils: a) Direct incorporation in liquid food, b) disinfection of the surface of the food with an antimicrobial dispersion, c) immersion into porous food matrices, and d) coverage with a biopolymer layer containing the nanoemulsion. There are some cases of nanoemulsion use by world-class companies, such as Nestlé and Unilever. Nestlé has developed W/O nanoemulsions to make microwave defrosting easier for some foods by the incorporation of polysorbates and other compounds. Unilever produce a reduced-fat ice cream with the application of nanoemulsions (Silva et al., 2012) . The German company AQUANOVA in its product line NovaSOL ® has used nanoemulsions in the food industry and developed a varied product line focused on the protection and shelf life of various products, such as beverages and supplements, with essential oils, vitamins, and pigments, among others (AquaNova, 2016) . The products based on nanoemulsions are very attractive because they are translucent in appearance and can increase the bioavailability of the bioactive component they possess. Preferably, nanotechnology should be simple to use and inexpensive, and it should have easily perceived benefits that may be considered as a real alternative to established techniques. Therefore, the food industry should use nanoemulsions from legally acceptable and ecologically and economically feasible ingredients (Ranjan et al., 2017) .
Risks and regulations of the utilization of nanotechnology in food
There are some reports from the media about the possible adverse health effects of nanotechnology, and this has resulted in increased negative perceptions about this field and the food industry. Although there are risks associated with some nanomaterials used in foods, they should not be considered as potential risks as natural nanomaterials have been consumed since the Neolithic era (Bouwmeester et al., 2009; Rogers, 2016; Szakal et al., 2014) .
In general, each country should have an organization that is responsible for regulating and verifying the risks associated with nanotechnology. The legislation available for the European Union can be consulted online at http://EUR-LEX. europa.eu/. In the United States, food additives are always subject to authorization by the Food and Drug Administration (FDA). The FDA has published some papers that approach the problems of nanotechnology, for example: "Considering Whether an FDA-Regulated Product Involves the Application of Nanotechnology" (U.S. Food and Drug Administration, 2014). In Canada, nanotechnology issues are reviewed by the Canadian Food Inspection Agency (CFIA); in Switzerland, by the Swiss Federal Office of Public Health (FOPH); in Japan, by the Ministry of Health, Labour and Welfare; and in China, by the Ministry of Health. Most countries continue to rely on existing legislation about nanomaterials, although a significant challenge exists between nanotechnology legislation and industrial application (Amenta et al., 2015) . Improvement in the regulatory system is crucial to avoid consumer disinformation in relation to applied nanotechnology in food. Although the relevant legislation is still being developed, further action can be taken to obtain consumer acceptance in foods containing nanotechnology-based materials. This includes ensuring the use of food-grade ingredients to produce nanosystems (Singh, 2016) . It is inevitable that human exposure to nanomaterials will increase in various ways, whether intentional or not. Nanomaterials, which serve as food additives (including nanoemulsions), come into direct contact with humans, resulting in higher levels of exposure depending on their addition to food. Thus, it is important to consider the risks of nanoemulsions in biochemical (solubility, metabolism/excretion) and toxicity profiles (Amenta et al., 2015; Landsiedel et al., 2012) . For the evaluation of nanotoxicity, several criteria can be considered, such as exposure assessment, nanoparticle toxicology, biological fate, transport, persistence and transformation of nanoparticles, among others (Chau, Wu, & Yen, 2007; Dreher, 2004) . Therefore, the use of nanoemulsions with the incorporation of bioactive compounds in food should significantly attract the attention of the public and govern-mental sectors (Jovanovic, 2015) .
Conclusion
The use of nanoemulsions, mainly as effective encapsulation systems, has received great interest from the food industry due to their advantages, including small droplet size, transparency and high stability. The food industry seeks to implement these nanosystems of encapsulation for the addition of compounds with biological activity, e.g., functional lipophilic substances. Nanoemulsions have been used mainly in the development of some foods and beverages to enrich the bioavailability of certain compounds and to contribute to the stability of the foods that contain them. An interesting challenge involves the development of nanoemulsions that are compatible with the product in which they will be incorporated; therefore, there must be adequate knowledge about the formulation and functionality of the product. In addition, the application of nanoemulsions in food systems presents challenges, e.g., reducing production costs. Consumer acceptance should be achieved based on research showing that nanoemulsions do not cause toxicity and that they are not toxic and do not accumulate in the human body. In addition, effective legislation for nanotechnology in food safety must be established. The use of nanotechnology in the food sector is a field of study in development that could improve food systems that provide functionality and improve aspects related to health.
